Objectives: To examine whether functional radiography and functional magnetic resonance imaging (MRI) are equally efficient in detecting the extent of unstable anterior atlantoaxial subluxation (aAAS) in rheumatic patients. Methods: 23 patients with unstable aAAS (diagnosed by functional radiography) were examined by functional MRI because of a neck symptom. Twenty two patients had rheumatoid arthritis and one had juvenile idiopathic arthritis. aAAS was diagnosed if the anterior atlantoaxial diameter (AAD) was >3 mm and was considered unstable if the AAD differed by >2 mm between flexion and extension radiographs. The AAD was measured from radiographs (flexion and extension) and MRI images (flexion and neutral). Results: The extent of aAAS during flexion measured by radiography was greater than that found by MRI in all 23 patients (mean difference 3 mm (95% confidence interval 2 to 4)). In four (17%) patients flexion MRI could not demonstrate aAAS detected by radiography. The difference between the AAD measurements during flexion by these two methods was substantial (that is, >4 mm) in nine (39%) cases. Severe aAAS (>9 mm) was seen in 15 (65%) patients by functional radiography and in four (17%) by functional MRI. Conclusions: The magnitude of aAAS was often substantially smaller when measured by functional MRI rather than by functional radiography. Thus one cannot rely on the result of functional MRI alone; functional radiographs are needed to show the size of unstable aAAS. The maximal extent of the subluxation must be taken into account when the possible compression of neural structures is evaluated by MRI.
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A nterior atlantoaxial subluxation (aAAS) is one of the most commonly detected changes in the cervical spine of patients with rheumatoid arthritis (RA). 1 2 In unstable aAAS, the atlas is moved abnormally forward during flexion because of laxity or rupture of the transverse and alar ligaments, and it resolves backwards when the cervical spine is in a neutral position or extension. The diagnosis of aAAS should be made by radiography with the patient hanging his or her head freely in flexion, because in about 50% of cases the subluxation is missed if examination is made only in the neutral position.
3 aAAS can also be detected by functional magnetic resonance imaging (MRI), but methodologically the supine position in this examination may influence the result. 4 5 It is important to know whether the magnitude of unstable aAAS is equal when measured by functional plain radiography and by functional MRI. Is it possible to rely on the results of functional MRI alone, or is plain radiography during flexion still essential when patients with unstable rheumatoid aAAS are examined? This study sought answers to these questions.
PATIENTS AND METHODS
We gathered successive patients who had had functional cervical spine MRI taken. Their latest functional radiographs were examined and those who had unstable aAAS detected by radiography were included in the study. A diagnosis of aAAS from the radiograph was made when the distance between the anterior aspect of the dens and posterior aspect of the anterior arch of the atlas was >3 mm (that is, the anterior atlantoaxial diameter (AAD)). Unstable aAAS was considered to be present if the AAD differed >2 mm between flexion and extension radiographs. Posterior atlantoaxial subluxation (pAAS) was diagnosed if the posterior aspect of the anterior atlas arch was situated abnormally posteriorly in lateral view radiographs during extension. 6 The final series comprised 23 patients; 22 fulfilled the American Rheumatism Association 1987 criteria for RA and one patient had juvenile idiopathic arthritis. 7 They had had cervical spine MRI for neck symptoms. The median time interval between radiography and MRI was one month (range 0-12). The median age of the patients was 58 years (range 40-76), and the duration of the rheumatic disease at the time of the MRI was a median 31 years (range 14-46). Lateral view cervical spine radiographs were taken during flexion and extension with the patient sitting on a chair using a focus-film distance of 150 cm. MRI was performed in the supine position with the neck kept flexed by sponge supports or a neck positioning device to the extent the patient allowed. 
RESULTS
In all 23 cases the magnitude of aAAS in flexion was greater in radiography than in MRI. In four (17%) patients flexion MRI was not able to demonstrate aAAS detected by radiography. The mean difference was 3 mm (95% confidence interval 2 to 4) (p<0.001), and Bland and Altman's 95% limits of agreement were -0.5 to 6.2. The concordance correlation coefficient between flexed aAAS values obtained by radiography and MRI was moderate, 0.38 (95% confidence interval 0.18 to 0.56) (fig 1) . In nine (39%) cases the difference between the measured values in flexion by these methods was substantial (that is, >4 mm) (table 1). Severe subluxation (>9 mm) was detected in 15 (65%) patients by radiography and in four (17%) by MRI (fig 2) .
In nine (39%) cases unstable aAAS (that is, >2 mm difference between flexion and extension/neutral values) was shown by radiography but not by MRI. The atlantodental interval values measured in extension by radiograph and in neutral position by MRI differed >2 mm in 12 (52%) patients. Radiography in extension showed three patients with pAAS whereas MRI in neutral position detected only one of them. In five (22%) patients MRI showed spinal cord contact either with the dens of axis or dorsal arch of the atlas, but no cord compression or myelopathy was seen.
DISCUSSION
MRI provides a unique opportunity to visualise cervical cord compression, myelopathy, and inflammation. It has been shown that functional MRI identifies unstable AAS more often than neutral position MRI. [8] [9] [10] In flexion of the neck the extent of the subluxation is usually increased and this would constitute an optimal situation to show the presence of impending cervical spinal cord compression.
It was found here that in none of the 23 cases was MRI able to show the magnitude of unstable aAAS to the same extent as radiography. In 9/23 (39%) cases the size of aAAS would have been considerably underestimated if one had relied on functional MRI examination alone. Especially in cases with severe aAAS (>9 mm) MRI was clearly less often able to demonstrate the magnitude of subluxation to the extent seen in radiographs. Diagnosis of pAAS was made less often by MRI than by radiography because MRI was carried out with the neck in neutral position and not in extension (during which pAAS is most extensive).
There are many reasons why functional radiography and functional MRI measure the extent of an aAAS differently. Radiography magnifies distances and in lateral view cervical spine the magnification depends on the width of the patient's shoulder. When a focus-film distance of 150 cm is used and the distance between the cervical spine and the film is 25 cm, the magnification is 20%. Magnification is not accounted for in the figures in table 1. However, the main reason for the difference is probably the different position of the patient during these two examinations. Radiographs are taken when the patient is sitting and gravity pulls the head downwards when the neck is flexed, which helps the maximal extent of aAAS to be reached. In MRI the patient is in a supine position and the neck has to be positioned by sponge supports or a neck positioning device to maintain flexion in the neck. 4 5 The supine position may make it difficult to attain an adequate degree of neck flexion to elicit the full extent of unstable aAAS. We have also observed that patients with severe aAAS may find the flexion position uncomfortable and are not able to hold their neck maximally flexed for the one or two minutes needed for an image set in MRI. Radiography is more comfortable because the patient has to hold his or her neck in flexion only for the brief moment required for an x ray examination.
Treatment decisions on aAAS are based on a knowledge of the size of the magnitude of subluxation, symptoms, and clinical findings. It is important to detect severe unstable aAAS because it may be life threatening if not treated adequately owing to the risk of cervical spinal cord compression. Our results show that it is not wise just to rely on the result obtained by functional MRI when the extent of unstable aAAS is evaluated.
Obviously, pAAS is detected less often by MRI in neutral position than by extension radiography. Though the number of subjects with pAAS was small (three patients), the results suggest that if the cervical spine is examined by MRI in neutral position, even clinically significant pAAS cases may be missed.
Our view is that functional radiography will often suffice alone as a primary examination if it is only a question of establishing whether the patient has aAAS or whether an existing aAAS has enlarged but the patient is otherwise managing satisfactorily with his or her neck. Accordingly, we suggest that functional MRI should be applied when aAAS is substantial (that is, >9 mm) or combined with significant atlantoaxial impaction, or the patient has symptoms or clinical findings which may indicate the presence of spinal cord compression, or a patient with RA has other severe neck symptoms of unknown cause.
In conclusion, functional MRI frequently underestimated the extent of unstable aAAS when compared with results obtained by functional radiography. Functional radiography is still needed in the cervical spine examination of a patient with chronic arthritis; to diagnose and to evaluate the true severity of aAAS/pAAS. The maximal extent of subluxation must be taken into account when the possible compression of neural structures is evaluated by MRI.
